Further characterization of the reassembly of creatine kinase and effect of substrate.
Upon exposure to 8 M urea, creatine kinase from rabbit muscle exhibited a rapid increase in intrinsic fluorescence and a rapid decrease in fluorescence polarization. Polarization changes were complete after 5 min, while fluorescence changes continued for at least 15 min. Fluorescence polarization changes accompanying reassembly were complex, and appeared to involve a concentration dependent reaction. Enzyme sampled at intervals during denaturation exhibited refolding kinetics displaying two first-order rate constants, the first dependent and the second independent of the duration of exposure to urea. There was evidence for an additional renaturation step, occurring within the mixing phase of the denatured protein with solvent. Reactivation kinetics and yield of reactivated enzyme exhibited a dependency upon length of exposure to denaturant. The exposure of renaturing creatine kinase to trypsin was shown to prevent further reactivation, and provided use of a method to determine reactivation rates at discrete intervals after initiation of reassembly. The presence of 2 mM MgADP during reactivation enhanced the rate of reactivation immediately after initiation of reactivation. Reactivation was not accelerated if nucleotide substrate was added after reactivation was initiated nor did nucleotide substrate increase the overall reactivation yield. The presence of MgADP also enhanced the rate of refolding at an early stage as judged by changes in intrinsic fluorescence and resistance to tryptic hydrolysis. While in addition to MgADP, creatine phosphate accelerated resistance by refolding creatine kinase to trypsin, according to the other criteria measured, the phosphagen substrates did not promote reactivation or renaturation. The unfolding-refolding studies and role of substrate in reassembly were consistent with a mechanism involving at least two steps, possibly involving cis-trans isomerization of proline. These data also supported the suggestion that the formation of the nucleotide binding region is an early event in the refolding of creatine kinase in vitro.